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have limited cycling performance data. 
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Other Features/Limits 

• can be set to charge Ni-Cd and Pb/Pb0 2 batteries 

• termination was inconsistent at any setting other than 4 A. 

• requires a 6 kQ NTC thermistor. 
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Time, hr 
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Other Features/Limits 

• discharge before charge initiation 
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Johnson Space Center Engineering Directorate 

„„ . Propulsion and Power Division 

Maxim Charger 51 1 

Eric Darcy 11/16/94 
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• can be set to other values with additional circuitry 
Other Features/Limits 

• Power transitor must be carefully matched to the control circuit to prevent 
instabilities in the output. 
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Trickle Charge - 2 hr topping and indefinite maintenance charge available 

Other Features/Limits 

• discharge pulse current is set by user 

• 2 min soft start period prevents false voltage inflection termination 
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ms discharge pulse 
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After Harding cells failed, they were replaced with Gold Peak 7/5A cells. 
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Johnson Space Center Engineering Directorate 

0 . /OA „ Propulsion and Power Division 

Sanyo 4/3A cell cycling , 

Eric Darcy ,11/16/94 
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cycle number 
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Cycle fiumber 
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80 100 120 140 160 
Cycle number 
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f \ Johnson Space Center Engineering Directorate 

t u-u a /i— a .. Propulsion and Power Division 

Toshiba 4/5A cell cycling at 10 C ^ 

Eric Darcy 11/16/94 
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Cycle number 
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Size = 7/5A, nameplate capacity = 2.5 Ah 
Date = 9/94, temperature = 10 C 


Maxim discharge 

Maxim C/3 charge + 5 min trickle 
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Cycle number 
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• Cell type was the most important factor effecting % of discharge capacity 

• All other factors were less important than experimental error 
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Benchmarq 
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Most thermally efficient cells 

• Yuasa 4/3A cell during charge (0.78) 

• Sanyo 4/3A cell during discharge (0.88) 
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• Logs battery state t, V, I, and T at the end of each state. 

Battery environment maintained with water and air bath 

• 1355 cc (83 in 3 ) available for all ten batteries 

• range; 0 to 100 °C 
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cycle number 
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At 2C rate, only the Harding C cell leaked at both temperatures 
Max cell temp = 88 °C by Sanyo and Ovonic cells at high rate, RT 
None of the cells leaked profusively or ruptured 
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Time, seconds 
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Vent temperatures, deg F 
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Summary of Commercial Ni-MH Cell Abuse Test Results 


Introduction ... 

The purpose of this test was to determine the abuse tolerance characteristics of various 
commercially available nickel-metal hydride (Ni-MH) cells. Cells from Furukawa, Gold 
Peak Gates Hardin^ Maxell. Ovonic, Sanyo, Toshiba, and Yuasa were tested. The tests 
were ’conducted as sub portion of test number 2P807 at B352 of the Thermochemical Test 
Area anti included overcharge, overdischarge, short circuit, and heat-to-vent cell tests. The 
tests were started on 4/14/94 and finished on 8/26/94. Table l describes the type of cells 
evaluated and which tests each type was submitted to. 


Manufactu 

Shape 

Capacitv, 

rer 


Ah 

Furukawa 

prismatic 

0.55 

Furukawa 

AA 

1.1 

Gold Peak 

7/5A 

2.5 

Gates 

4/5 A 

1.5 

Harding 

AA 

1.1 

Harding 

A 

1.8 

Harding 

C 

3.25 

Maxell 

4/3A 

2.3 

Ovonic 

C 

3.25 

Sanyo 

4/3 A 

2.3 

Toshiba 

4/5 A 

1.5 

Yuasa 

4/3 A 

2.3 

Yuasa 

prismatic 

3.0 

Overcharge Test 



Overcharge Reversal 


X 

X 

X 

x 

x 

X 


X 

X 

X 

X 

X 

X 


Short 

Circuit 

x 

X 

X 

X 

X 

X 

X 

X 


Heat-to- 

Vent 

x 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


A total or rour overcnarge icms wcic ^autmvu w*w A ** 0 7 . — 

temperatures, room and 0 °C. Each test lasted until a 200% charge input into each cell was 
achieved. At the C/3 rate, only the low temperature run caused the Toshiba 4/5 A. and 
Hardin C cells to lose weight indicating a small venting of electrolyte. At the higher 2C 
rate only the C cells leaked at both temperature. During the high rate, room temperature 
test, the Sanyo 4/3A and Ovonic C reached temperatures over 88 °C all others were lower. 
None of the cells leaked profusely or ruptured. 

Reversal TTest 

A total of four cell reversal test were performed covering two rates, C/3 and 2C, and two 
temperatures, room and 0 °C. Each test lasted until a >100% reverse charge was drawn 
from the cell from the point of voltage reversal. Nearly all the cells lost a bit of weight 
during the tests indicating a venting of some electrolyte. During the high rate, room 
temperature tests the Sanyo 4/3A reached 95° C. However, none of the cells ruptured. 

Short Circuit Test , . , , n 1or . , 

A total of four cell short circuit test were performed covering two loads, 0. 1212 and 
>0.0512, and two temperatures, room and 0 °C. None of the cells leaked or ruptured during 
any of the short circuit tests. At the high rate and room temperature, the Harding A cell 
reached the highest temperature of the all the cells, 91 C, and its peak current was 12.4 A. 
Under the same conditions, the Sanyo 4/3A cell had a peak current of 28.4 A while 
attaining 79 °C. 
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Heat-to-Vent Test 

Al! the cells listed in Table 1 were charged at C/2 rate for 2 hr and 10 min. and then 
submitted to this test within 48 hours. This test was performed by placin 2 the cell in a 
pressurized vessel equipped with feed-throughs lor cell voltage and temperature 
measurements. A roughing pump was used to pull a light vacuum on the cell so as best 
detect changes in pressure from a transducer connected to the vessel. The vessel was placed 
in an automated thermal chamber. This massive vessel took about 4-5 hours to heat to 177 
C (350 °F) from room temperature. It was maintained there for an hour before letting the 
vessel rfaturally cool off. Prior to opening the vessel, it was purged with nitrogen forover 
5 min. “ ~ 

All the cells vented, presumably hydrogen, and varying amounts of electrolyte. These vents 
were sometimes very gradual over the entire heating process, while some cells vented in 
very discreet events easily associated with a particular temperature. Table 2 lists the weight 
loss incurred during the test and any discreet vent temperatures for all the cells tested. 
Exempting the Ovonic C-cell which is an obsolete cell design, the prismatic cells lost the 
most weight percent during the ventings. Outer insulation of all the cells was burnt and 
cracked, but none of the cells ruptured. The Sanyo and Toshiba cells showed evidence of 
forceful vents. The Sanyo cell's terminal insulator cap on its positive was separated from 
the lid of the case during the vent. The Toshiba cell's vent products left white deposits 
covering the positive end of the cell. Including these last two cells, the venting were very 
benign and uneventful. 3 


Table 2 


Cell 

Size 

Weisht. 2 

Weight loss 

Vent 

Furukawa 

prismatic 

17.4 

4.0% 

temperatures., °F 
340 

Furukawa 

AA 

27.5 

0.7% 

304, gradual 

Gold Peak 

7/5A 

47.5 

1.1% 

gradual vent 

Gates 

4/5A 

33.4 

0.6% 

300 

Harding 

AA 

23.9 

0.4% 

gradual vent 

Harding 

A 

34.8 

0.6% 

gradual vent 

Harding 

C 

83.0 

0.1% 

gradual vent 

Maxell 

4/3 A 

49.3 

1.2% 

269, 272, 281, 
328, 330, 331, 
332, 334, 336, 
and 340 

Ovonic 

C 

82.7 

4.0% 

270 and 285 

Sanyo 

4/3 A 

52.9 

2.5% 

272 and 350 

Toshiba 

4/5A 

32.5 

3.1% 

293, 301, 311 

Yuasa 

4/3A 

49.9 

1.8% 

266, 276, 284 

Yuasa 

prismatic 

75.8 

3.8% 

gradual vent 


Conclusions 

The commercial Ni-MH cells tested behave very benignly when abused electrically and 
thermally. Their main hazards are the vent of a small amount of hydrogen (>0. lg for the 
largest cell which is equivalent to 2.5 liters at ambient pressure and temperature) and the 
leakage of KOH electrolyte. These hazards were not present during the short circuit tests 
Overall, these cells are very safe to use in well ventilated applications. 
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Measurement 
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0.1C for 16 hours 

BBM-A : Capacity-stabilizing cycle after electrolyte filled 

BBM-B : Precharge arrangement of MH electrode prior to stabilizing cycle 
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NASDA ocAh Ni-MH BBM LEO Cycle Test 
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White-mark : Full-Charged Capacity 
Black-mark : Residual Capacity 






Space Subsystems an<l Technology Oepaitmonl 35Ah Ni-MH BBM Evaluation Test 
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We added electrolyte at 8799cy 
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Therefor we survey the thermal property of space Ni-MH cell and 
compare with Ni-Cd cell. 
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This way is convenient, simple, and simulate the actual mounting 
state and heat flow of satellite battery. 







* Heat Sensor data storage 






Outer View of Equipment 
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Structure of dummy cell 
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•We got result that measurement value is linear to output of heater, and 
proportional constant is about 0.8(sensor/heater). 

•The response time that output reaches steady heat rate is about two hours 
•Therefor output heat of cell does not always indicate instanteous heat rate. 





Test Condition (Cycling test) 
Specimen : 35Ah Ni-Cd and Ni-MH cell (SANYO) 
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r Output of heat sensor 
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TEST TIME (H) 
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Output of heat sensor 
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C/5 charge and C/3 discharge (Condition 1) 



TEST TIME (H) 

















Findings (various charge and discharge) 
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Ni-Cd is almost 0 W at any charge rate. 

• In the case of discharging time, cell heat of two kind of cell is almost same. 
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• Simulation of Ni-MH thermal property by use of dummy cell. 

• Computer simulation in the same parameter as test condition. 




